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The present invention relates fo new com- 
pounds containing phosphorus and fo the uses of 
such compounds particularly as oxidation inhib- 
itihg additives for hydrocarbon products. 
In he develo!oment of lubricaing ofls the trend 
bas been fo use more and more eiicient refining 
rnethods in order fo reduce the tendency of the 
oils fo form carbon and deposik of Solid marrer 
or sludge. V/bile such highly refined oils possess 
many advantages, their resistance fo oxidation 
particularly under conditions of severe service is 
generally decreased and they are more prone fo 
form soluble acid oxidtion products which are 
corrosive. They are generally less effective than 
the untreated oils in protecting the metal sur- 
faces which they contact against rusting and 
corrosion due to oxygen and moisture. TheY also 
often deposit thick films of "varnish" on hot 
metal surfaces, such as the pistons of interna1 
combustion engines. 
In accordance with the prescrit invention a new 
class of chemical compounds bas ]een discovered, 
and these compounds have been found to reduce 
the tendency of refined lubricating ofls and other 
hydrocarbon products to corrode ruera1 surfaces 
when added in small quantities to such materials. 
These additives are particularly active in reduc- 
ing the corrosion of copper-lead and cadmium- 
sflver bearings which are employed in interna1 
combustion engines, and they are likewise effec- 
tive in inhibiting the oxidation of hydrocarbon 
!oroducts generally and especially those of !oetro- 
leum origin. These cornpounds also have the 
proper.ty of impr0ving the load carrying CaloaCitY 
of mineral lubricati.ng oils .fo which they are 
added. 
The new class of compounds forming the sub- 
ject of the. prescrit invention are Products 0b- 
tained by reacting organo2substituted acids of 
phosphorus, more Sloecificaly the substituted 
thiophosph0rous, thiophosphoric, thiophosphinic, 
and thiophosPhonic acids, or their salis, with the 
haides, oxyhalides and stflfohalides of phos- 
!oh0rU s. A ypical .rea_cion .s the following: 
3 (1%O) 2P--SE_+PCl3 [ (1O) 2P--S--] 3P-}-SECl 
leactions.of ths type tke place readfly without 
.thë id of a catalyst. A suitable solvent, Such 
as petroleum ether is generally emploYed, and 
thë halide of ph0sphorus is added gradually whle 
c0oling to control the reaction. It is generally 
morë convenient to em!oloy an alkali metal or 
ammoniurn sali of the organo-substituted acid. 
When an organic solvent is employed, the netallic 
or mmo_n! um çhl0r!de produced in he reaction 
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is usually precipitated and rnay be rernoved .from 
the product by filtration. 
lor Iourposes of nomenclature the new eom- 
pounds of the present invention may be thought 
of as phosphorus tri- and !oenta-thiophosphites 
(di-organothio!ohosphites) or thiophosphates (di- 
organodithiophosphates), when the producs are 
formed bY the rection of !ohosphorus trichl0ride 
or phosPhorus pentachloride with organo-sub- 
tituted thio!ohosphites, and dithiophosphates, 
res!oectively. Simflarly, !oroducts derived from 
phosphorus oxychloride and phosphorus sulfo- 
chloride will be named phosphorus oxy 
organothiophosphites) ; phosphorus sulfo tri- 
(di-organothiophosphites), etc. Sirnilar nomen- 
clature will be applied fo products derived-from 
thiophosphinic and thiophosphonic acids. The 
products may also be thought of as anhydrides 
of organo-substituted eids oî phosphoru s. Thus 
various com!oounds produced according t0 
method described, by selecting various combina- 
tions of organo-substituted cids of phosphorus 
and hMides, oxyhalides or sulfohalides of phos- 
phorus, will bave compositions illustrated by the 
followng type formulas in which 1% represens 

an organic group: 
r(RO)p'S 7p 
o L ,\-J 
Phosphorus tri-(di-organo- 
dithiophosPhate) 
r(Ro)F s 
 L 
Phosphorus oxy-ri-(di- 
or ganocli}hloPhosphae) 
40 Phoshorus ri-idLorganohio- 
phosphite) 

The compounds of the present invention are 
derived from organo-substituted acids of phos- 
phorus, in which the organic group is a linear 
45 or cyclic hydrocarbon group, which may be 
straight or brached, long or short, saturated or 
unsathrated, and may bave sulfur or halogen 
.tomsor nitro groups attached thereto. Such 
5^ organic groups wfll, therefore, iriclude alkyl 
o. groups, alkenyl groups, cycloalkyl groups, and 
the like, with or without the substituents men- 
tioned. 
Since the organo-substituted phosphorus and 
phosphoric acids are usually prepared by reacting 
55 alcohols with sulfides of phosphorus it is possible 



3 
to use as starting materials a large variety of 
these compounds. For example, alcohols of the 
type of ethyl alcohol, isopropyl alcohol, tert.- 
butyl alcohol, lauryl alcohol, stearyl alcohol, wax 
alcohols, alcohols obtained by oxidation of petro- 
leum hydrocarbons, oleyl alcohol, sulfurized oleyl 
alcohol, chlorinated and nitrated alcohols, cyclo- 
hexyl alcohol, and the like are suitable materials. 
The phosphorus halides which are employed fo 
react with the organo-substituted acids and their 
salts to form the new compounds of the present 
invention include all of the well known com- 
pounds of of this type, such as phosphorus tri- 
chloride, phosphorus pentachloride, phosphorus 
oxychloride, phosphorus sulfochloride, phos- 
phorus tribromide, phosphorus oxybromide, phos- 
phorus triiodide, and the like, as well as mixed 
haltdes of phosphorus, such as PCI3 and PBr=F3. 
Stated broadly, the new compounds of the 
present invention may be deflned by the general 
formula 
in which i represents a hydrocarbon roup which 
may or may not contin added sulfur, chorine 
or nitro groups, X and Y ech represent oxygen 
or sulfur, , ' and n" each represent 0 or I, 
and r is S or 5, but is always S when ?" is I. 
Vhen compounds of the above type are o be 
formed in which " is 0, or in other words when 
there is no free oxygen or sulfur atom attached 
to the phosphorus in the right hand portion of 
the formula, the phosphorus halides must be of 
the simple type, containing no oxygen or sulfur. 
To produce compounds in which oxygen or sul- 
fur is present in the position Y in the formula, 
an. oxyhalide or sulfohalide must be employed. 
It is to be understood that the beneflcial effects 
of the new additives of the present invention 
"will be obtained when mixtures of the above 
described types of compounds are employed in 
place of simple compounds, e. g., mixtures of 
alcohols could be employed to prepare mixed 
substituted acids of phosphorus and such mixed 
acids could then be reacted with a halide of 
phosphorus to obtain a mixed product, but such 
mixed products would be equally useful for the 
purposes of the present invention. 
As stated above, the herein described new com- 
pounds may be advantageously added o mineral 
lubricating oils and other hydrocarbon products 
for the purpose of preventing corrosion and 
generally fo inhibit oxidation. For this purpose, 
the amount of the compounds required are gen- 
erally from about 0.2% to 5% by weight, rela- 
tive fo the base stock in which they are incor- 
porated. For increasing the load carrying ca- 60 
pacity of a lubricating oil to an appreciable ex- 
tent, somewhat larger quantities, generally of 
the order of 3% to 10%, will be required. 
The following examples illustrate the prepara- 
tion of several examples of the new compounds C5 
of the present invention and the testing of cer- 
tain of these compounds for their corrosion in- 
hibiting effects in lubricating oils. It is to be 
understood, however, that these examples are hot 
to be cousidered as limiting the scope of the in- 70 
vention in any way. 
Ex«mpe 1.--Preparaio of hoshors ri- 
To a stirred suspension of 115.5 g. of am- 
monium diisopropyl dithiophosphate in 1 liter of 75 

petro]eum ether contained in a 4-necked 3-1iter 
flask equipped w  se, reux coee, 
eomee,  o ue, 
souo o£ 22.8 . o£ C in 250 cc. 
 ether over a period of one hour (maxim em- 
perature 25  C.). e mixture w then stirred 
under reflux for hree hors (405  C.), after 
which he reaction mixture w permited to 
sand overnigh. Afer fllering off the am- 
i0 moum chloride, he solven was evaporated 
45  C., wih trogen blowing. e whie crysal- 
-line produc .conained 18.7% phosphorus and 
27.9% sulf. 
15 ExampIe 2.--Prearaion o/ hoshoru ri= 
( di-2-e$ lhexyl di$hihvsrphaSe ) 
This prepaation was carried out in the man- 
ner dcrtbed in Example 1, using as reagen 
117.6 g. o£ potassium dt-2-ethylhexyl dtthio- 
20 phosphate (prepred ïrom the cid obtained by 
reacting 2-ethylhexanol with PS) and 13.7 g. 
of POt. The product was  clear yeHow liquid 
containg 11.4% phosphos n 16.4% sulur. 
25 ExoEm.ple 3.Prvparatn ] phosphvrus 
( di-2-e$hyll dithivphospha$e ) 
This prePar&tion w carried out in the man- 
ner described in Example 1, using 117.6 
potsium di-2-ethylhexyl dithiophosphate (pre- 
30 ped from the acid obtained by reaeting ethyl- 
hexanol with PS) and 15.3 g. of Pb. e 
product w a clear light brown liqutd contain- 
ing 9.6% phosphorns and 15.4 sulur. 
35 Examp.le 4.Preparation o] phvsphorus 
( di2-ethylhexyl di$hivphvsphate ) 
ts preparation w caed out in the man- 
ner described in Example 1, using 117.6 g. of 
40 potsi di-2-ethylhexyl dithiophosphate (pre- 
pared rom the aeid obtained by reacng 2-ethyl- 
hexnol with PS) and 12.5 g. of POI (suspende 
in 200 ce. of petroleum ether). e final prod- 
uct was a clear dark red liquid containing 10.3 
45 phosphorus and 16.7% sueur. 
Example 5.Laboratory corrosion tests 
Lubricating off lends were prepared contain- 
ing 0.25 % by weight of each of the proucts pre- 
pred tri Exemples 1 to 4, using as 
50 extraeted Mid-Oontinent paraffinic type lubric&t- 
g off of SAE 20 gr&de. These blends 
ple of the unblended oil were submitted  a cor- 
rosion test designed.  measure the effectiveness 
of the new compounds in tnhibiting, the cor- 
55 
rosiveness of a typical mineral lubrieating off 
toward the sfaees o copper-lead bearings. 
The test was conducted as ollows: 500 ce. of the 
oil was placed in  gss oxidtion tube (13 
inches long and 2% inehes in diamer) fitted 
ai the bottom with a  inch air inlet tube per- 
forated to facilitate air distribution. e oxida- 
tion tube was then immersed in a heating bath 
so that the off mperature was maintained 
325  . ding the test. o quarter seetions 
of automotive bearings of eopper-lead lloy o 
known weight having & tot&l area of 25 sq. cm. 
were attached to opposite sid of a stainless sel 
rod which w then immersed in the test 
and rotated at 600 R. P. M., thus providing 
flcient atation of the sample during the test. 
Air was then blown through the off at the rate 
of 2 eu. . per bout. At the end of each 4-hour 
period the bearings were removed, washed with 
naphtha and weighed to deine the amont 
of loss by corrosion. e bearings were then re- 



l)llslecl (to,:inerea.e: thé- severity .o?_the tes.t), 
reweighd anoE: OEela:. subjected to the test- for 
dditionl 4=bout p¢riods- in !ike-. manrer. The 
results are given in the £ollowing table as "cor- 
rosion lire," which indicates the number of hours 
required for the b¢arings to lose 100 mg. in 
weight, determined by interpolation oï the data 
obtained in the various periods. 

Oil Blond 

Base Off ............................................... 
Base Oil ÷ 0.25% Phosphorus. tri-(diisopropyl dithio- 
phosphate) ............................................... 
Bas Oil ÷ 0.25% Phosphorus-tri-(di-2-ethylhex-yl dJ- 
tbtoPhos, sp hate) ......................................... 
Base Oil -[-0.25% Phosphorus oxy tri-(di-2-ethylhetyl 
dithiophosphate) ............................  ........ 
Base Oil ÷ 0.25% Phosphorus penta-(di-2-ethylhexyl 
dithiophosphate) ..................................... 

Beasiug 
Corrosion 
Life 
(Hrs.) 

9 
52 
23 
19 
18 20 

E.,ample 6.--Lauson engine test 
A: blend, containing. 0..75.% by weight of the 
product of Example 1 in a solvent extracted IvIid- 
Continent paraffmic type SAE 10 grade lubricat- 
ing off base and a sample oï the unblended base 
stock were employed as crank case lubricants in 
tests with a Lauson engine operated for 20 hours 
in each test at 300" F. jacket temperature, 295 ° W. 
off temperature, 1800 R. P. M. speed, and 1.5 in- 
dicated.kilowatt load. The.effectof the additive 
was noted by.comparing the loss in weight of the 
bearing during the two tests. The.results:are as 
follows: 

Cu-:Pb Bearing 
Oil Weight Loss 
(mg./bearing) 
Base Oil .......................................... 220 
Base Oi1÷0.750. Phvsphvrus tri-(diisopropyl 
dithiophosphate) ........................ ï _ ___ __ 95 

The proffttcta o. the p.resent inv_ention may be 
employed .not only. in ordinary hydrocarbon lu- 
bricating oils but also in the-"'heay duty" type 
oh lubricating oils.which hae been compounded 
wJth such detergent type additives as metal 
soaps, metal petroleum sulfonates, metal phe- 
nates, metal alcoholatos, metal, alkyl phenol sui- 
rides, metal organophosphates, thiophosphates, 
Ph0sphites and thiophosphites,, metal salicylates, 
metal: xanthates and thioxanthates, metal thio- 
carbamates, amines and amine derivatives, re- 
action products of metal phenates and sulfur, 
reaction products of metal phenates and phos- 
phorus sulfides, metal phenol sulfonates, and the 
like. Thus, the additives of the present inven- 
tion may be used in lubricating oils containing 
such other addition agents as barium tert.-oc- 
tylphenol sulflde, calcium tert.-amylphenol sui- 
ride, nickel oleate, barium octadecylate, calcium 
phenyl stearate, zinc diisopropyl salicylate, alu- 
rainure naphthenate, calcium cetyl phosphate, 
barium di-tert.-amylphenol sulflde, calcium pe- 
troleum sulfonate, zinc methyl cyclohexyl thio- 
phosphate, calmium dichloro-stearate, etc. 
Other types of additives, such as phenols and 
phenol sulfldes may be employed. 
The lubricating off base stocks used in the 
compositions of th invention may be straight 
mineral lubricating oils or distillates derived 
from paraffinic, naphthenic, asphaltic or mixed 
base crudes, or, if desired, various blended oils 

rn ay:b.e:- erlloy¢ d lt$. woll:a$:res_idu|s» Dr..tic.ular_ty 
hose: from. which- aspha!tic c.otiuents.: hve 
been carefu!lY removed e oil may. be refined 
by conventional methods: using id, alkali:and/or 
clay or other agents.snch as linum chlozide 
or they, may be extracted oils pmduced, for ex 
ample, by solvent, extrtion with.splvents o$ the 
type of. phenol, sulfur dioxide, furfural, dichlo, 
rodiethyl, ether# trobenzene, cronldehyde; 
10 etc. Hydrogented oils or white oi!s may be»em, 
ployed-as well  sthetic oi!s-prepared for ex 
ample, by.the polerization of ole or by the 
reaction, of; oxides of crbon with hydrogen, or 
by the hydrogention of coal or iris produc. In 
certain itances.cracking coal trftio nd 
coal tar or shle=otl distiHates=may also be used 
Also for special applications animal, ,vegeble 
or fish oils or fiheir hydrogenated or voilized 
products may be emptoyed in adxfie  .wlflli 
mineral oils. 
For the-best resul the base stock chosen 
should normlly be that oil which wihouç, the 
new additive present gives the optimum 
formance in the service contemplated. However, 
25 sce one advantuge of the additives is that the 
use also makes feasible the emploYment-of less 
satisfactory neral oils or other oils, no-strict 
rule can be laid down for the choice of- the base 
stock. Certain essentials must of course be oh- 
30 served. The oil must possess the iscosity and 
volatility characteristics known to be required 
for the serce contemplated. e off mt be a 
satisfactory solvent for the additive, although in 
some ces auxiliary, solvent agents may be .used. 
35 The lubricating oils, however they m hy¢ ben 
produced, may vary considerably in visçSty and 
other pnoperties depending, upon the Particular 
use- for which they are ded, bt they S! 
range fyom about 40 fo '150 secods Saybol 
40 cosity ai 210  F. For the lubricating of certain 
low and medium speed diesel engines the general 
practice h often been to use a lubricating oil 
base stock prepared fromnaphthenic or aromatic 
crudes and having a- Saybolt viscosity at 210 
45 of-45 to 90 sec0nds and a viscosity index-of0-to 
50: However,. in oertain types of diesel engine 
and other goline engine service oils of highçr 
viscosity, index are often preferred, fo example 
up to 75 to 100, or even higher, viscosity-index. 
5o In addition to fihe mterials to be added 
cording to the present invention, other agents 
may also be used such  dyes, pour depressors, 
heat thickened fatty oils, sulfurized fatty oils, 
organo-metallic compounds, metlhc or other 
55 
soaps, sludge dispersers, antioxidants, thickeners, 
viscosity index improvers, oiliness agents, resins, 
rubber, olefin polymers, voltolized rats, voltolized 
mineral oils, and/or voltolized waxes and col- 
loidal solids such as graphite or zinc oxide. Sol- 
60 vents and assisting agents, such as esters, ketones, 
alcohols, aldehydes, halogenated or nitrated 
compounds, and the like may also be employed. 
Assisfing agen which are particularly desir- 
able as plasticizers and defoamers are the higher 
ri5 
alcohols having eight or more carbon atoms and 
preerably 12 to 20 carbon atoms. The alcohols 
may be saturated straight and branched chain 
aliphatic alcohols such as octyl alcohol 
70 (C8HvOH), lauryl alcohol, (CHOH), cetyl 
alcohol (CHaaOH), stearyl alcohol, sometim 
re£erred to as octadecyl alcohol, (CtsHOH), 
heptadecyl alcohol (CHsOH), and the like, the 
corresponding olefinic alcohols such as oleyl al- 
75 cohol, cyclic alcohols such as naphthenic alco 
hols; and aryl substituted alkyl alcohols, for in- 



stance, phenyloctyl alcohol, or otadeyl benzyl 
alcohol or mixtures of these various alcohols, 
which may be pure or substantially pure syn- 
thetic alcohols.. One may also use mixed natu- 
rally occurring alcohols such as those round in 
wool fat (which is known fo contain a substan- 
tial percentage of alcohols having about 16 to 
18 Carbon atems) and in sperm oil (which con- 
tains a high percentage of cetyl alcohol) ; and al- 
though if is preferable to isolate the alcohols 10 
from çhose materials, for some purposes, the 
wool fat, sperm off or other naçural products 
rich in alcohols may be used per se. Products 
prepared synthetically by chemical Processes 
may also be used, such as alcohols prepared by 
the oxydation of petroleum hydroc.arbons, e. g., 
parafltn wax, petrolaçum, eçco 
In addition to being employed in crankcase lub- 
ricants the additives of the present invention may 
also be used in extreme pressure lubricants, en- 20 
gine flushing oils, industrial oils, general ma- 
chinery oils, process oiIs, rust preventive com- 
positions and greases. 
The additives of the presenç invention may be 
employed as antioxidant or stabilizing agents hot 
only in .mineral lubricating oils, but also in 
drocarbon products generally, where improved 
resistance fo oxidation is desired. Thus, the 
products may be added to motor oils, diesel fuels» 
kerosene, waxes, hydrocarbon polymers, natural 30 
and synthetic rubbers, etc. 
The present invention is hot to be considered 
as limited by any of the examples described here- 
in, which are given by way of illustration only, 
but.is to be limited so]ely by the terms, of the 
appended claires. 
I claire: 
1. An essentiaHy hydrocarbon off product hav- 
ing incorporated therein ai least a corrosion in- 
hibiting amount of a compound of the formula 
R0 S 
 R0 / 
in which 1% is an alkyl group having in the range 
of 3 to 8 carbon atoms, X is selected ïrom the 
gr0up consisting of oxygen and sulÏur,  is a 
number from 0 fo 1, and m is an odd number 
from 3fo 5, but is 3 When  is 1. 
2. A composition according to claire 1 in which 50 
the hydrocarbon product is a mineral lubricating 
oil. 
3. A composition according to claire 1 in which 
1% of the formula is an isopropyl group. 

8 
4.. A composition according to claim 1 in which 
R of the ïormula is a 2-ethylhexyl group. 
5. As a new composition of matçer a compound 
of the formula 
where R is an ayl group. 
6. As  new composition oï mter  compod 
of çhe formul 
where  is n 1 group. 
. As  new compositgn oï mer  compound 
oï the ïormul; 
8. As u ew oompos[tion oï muter u orguic 
satised by groups ci çhe formulu: 
s 
where R is an alkyl group, and in which in the 
case where oy three valences of the phosphomm 
atom are thus satisfied the remaini valences 
35 are satfied by an oxygen atom. 
9. A composition accordg  c]aim 8 in which 
 bas from 2 fo 18 carbon atoms. 
10. A composition according to claire 9 in which 
R bas 1rom 3 to 8 carbon atoms. 
40 JOHN P. cDEOTT. 
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